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(54) Re ALLOY COATING FOR DIFFUSION BARRIER 

(57) Disclosed is a Re alloy coating for diffusion bar- 
rier, such as a high-temperature equipment member, 
which comprises an atomic composition of 30 % to less 
than 90 % Re; and an atomic composition of 5 % to less 
than 60 % X (wherein X is at least one selected from the 
group consisting of Cr, Mo and W), with the remainder 
except for inevitable impurities being at least one select- 
ed from the group consisting of Ni, Fe and Co. Even if 
the alloy coating for diffusion barrier includes a diffusion 
layer containing at least one of the group consisting of 
Al, Si and Cr, a desired alloy composition of the alloy 
coating for diffusion barrier can be assured by a surface 
coating process and diffused components from the sub- 
strate while substantially preventing the diffusion of the 
elements of the diffusion layer during a homogenizing 
heat treatment. The alloy coating for diffusion barrier 
may include a Re-containing-alloy stress relief layer in- 
serted between the film and the substrate. The Re alloy 
coating can suppress the deterioration of the substrate 
and the coating layer due to the reaction therebetween 
to provide an extended life span of the equipment mem- 
ber. 



Fig. 1 




LJJ 



Printed by Jouva, 75001 PARIS (FR) 



1 EP 1 449 937 A1 2 



Description 

TECHNICAL FIELD 

[0001] The present Invention relates to a technology 
for extending the life span of a member for use in high- 
temperature equipment, such as a gas turbine blade, a 
turbine blade for a jet engine or a boiler tube. 

BACKGROUND ART 

(1) Thermal Barrier Coating (TBC) 

[0002] A high-temperature equipment member, such 
as an industrial gas turbine blade or a boiler tube, has 
a coated surface to obtain enhanced heat resistance 
and corrosion resistance, in many cases. With regard to 
heat resistance, a ceramics coating, so-called thermal 
barrier coating (TBC), is typically applied to the equip- 
ment member. 

[0003] In use of ceramics, an alloy layer, so-called un- 
dercoat (or bondcoat), is generally inserted between a 
ceramics layer and a metal substrate to assure adhe- 
sion therebetween, because the relatively large differ- 
ence in thermal expansion coefficient between ceramics 
and substrate metat is likely to cause peeling of the ce- 
ramics layer at the TBC/substrate interface. However, 
under an ultra-high temperature environment of about 
800 to 1200°C, the undercoat will be deteriorated due 
to reaction with the substrate, or the peeling of the ce- 
ramics layer will occur due to an oxide layer thickly 
grown on the surface of the undercoat. This leads to a 
serious problem that the equipment member has a short 
life span of several months. 

(2) Al (or Cr, Si) Diffusion Coating Process 

[0004] With regard to corrosion resistance, the equip- 
ment member is typically subjected to an Al (or Cr, Si) 
diffusion coating process. However, under an ultra-high 
temperature environment of about 800 to 1 200°C, a pro- 
tective film cannot be stably maintained for a long time- 
period due to significantly high diffusion rate and high 
reactivity of a metal element contributing to corrosion 
resistance. Further, under a severe corrosive environ- 
ment containing CI or S, an metal element, such as Cr 
or Al, constituting the protective film will be quickly con- 
sumed even in a temperature range of 500 to 800°C, 
which leads to difficulties in maintaining the protective 
film stably for a long time-period, and a serious problem 
of significantly shortened life span in the equipment 
member. 

(3) Ni-Cr Thermal Spraying 

[0005] For providing enhanced corrosion resistance, 
a high Ni-high Cr alloy thermal sprayed coating is ap- 
plied to the equipment member, in some cases. Howev- 



er, this case involves the same problem as that in the 
above (2). 

(4) TBC System combined with Re-added Undercoat 

5 

[0006] Japanese Patent Laid-Open Publication No. 
11-61439 discloses a TBC system including an under- 
coat with Re (Rhenium) added thereto at 1 2 weight% or 
more (several % by atomic composition). Japanese Pat- 

10 ent Laid-Open Publication No. 2000-511236 titled 
"Structural Component including Superalloy Substrate 
and Layer Structure formed thereon, and Production 
Method thereof discloses an undercoat for a TBC, con- 
taining Re in the range of 35 to 60 weight% (about 15 

*5 to 30% by atomic composition). These publications dis- 
closes neither the function of Re nor the effect of the Re 
addition. U.S. Patent No. 6,299,986 discloses a super- 
alloy article in which a barrier coating containing 4 wt% 
or less of Re is formed on a Ni-based superalloy sub- 

20 strate containing 5.0 to 7.0 wt% of Re. 

(5) Re Coating & Re alloy Coating 

[0007] Japanese Patent Laid-Open Publication No. 

25 03-1 20327 discloses a protective film containing 1 to 20 
wt% of Re and 22 to 50 wt% of Cr. Japanese Patent 
Laid-Open Publication No. 09-143667 discloses a pro- 
duction method of a high-temperature member compris- 
ing pure Re, Re-Mo alloy or Re-W alloy. The method 

30 disclosed in this publication is intended to produce a Re 
or Re alloy structural member which is used independ- 
ently in the form of a thin plate. 

DISCLOSURE OF INVENTION 

35 

[0008] Under existing circumstances involving the 
aforementioned unsolved problems, there is no other 
choice but to lower the operating temperature of the 
high-temperature equipment at the sacrifice of the per- 
40 formance thereof so as to assure a desired life span of 
the equipment member. 

[0009] Despite of various researches on a method us- 
ing Re or Re alloy as a diffusion barrier, the inventors 
could not find out an intended layer structure capable of 
45 stably providing a diffusion barrier performance. 

[1. Shoji, Hisamatsu, Hayashi, Narita, "Develop- 
ment guideline of technologies for improvement of 
oxidation resistance as countermeasures for ultra- 

50 high temperature - Application of rhenium-based al- 
loy coating to Ni-based superalloy - ", the 123rd 
Committee Report, Heat-Resistant Material, Japan 
Society for the Promotion of Science, Vol. 141 , pp 
127 (March 2000); 

55 2. T. Narita et al., "Rhenium coating as a diffusion 
barrier on a nickel-based superalloy in high temper- 
ature oxidation", Proc of HTCP2000. pp 351, Sci- 
ence Reviews, Hokkaido (Sep. 2000); 
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3. Yoshida, Hisamatsu, Hayashi, Noguchi, Yakuwa, 
Miyasaka, "Formation of diffusion barrier layer 
through plating process & Oxidation resistance", 
Journal of the 47th "Materials & Environments" 
symposium, pp 1 41 , Japan Society of Corrosion En- 
gineering, Yamaguchi (October 2000); 

4. Hisamatsu, Yoshida, Hayashi, Narita, Murakami, 
Harada, "Diffusion barrier characteristics of Re 
coating film & Oxidation resistance of Ni-based su- 
peralloy", Journal of the 47th "Materials & Environ- 
ments" symposium, pp 153, Japan Society of Cor- 
rosion Engineering, Yamaguchi (October 2000); 
and 

5. T. Narita et al., "Application of rhenium coating 
as a diffusion barrier to improve the high tempera- 
ture oxidation resistance of nickel-based superal- 
loy", Paper No. 01157, CORROSION 2001 , NACE 
Intl, Huston (March 2001)]. 

[0010] The present invention is directed to suppress 
the problem of the anti-corrosion coating formed 
through the conventional TBC system, Al (or Cr, Si) dif- 
fusion coating process or thermal splaying, or the dete- 
rioration of a substrate and a coating layer due to the 
reaction therebetween, so as to provide intended life 
span of a high-temperature equipment member. 
[001 1] A Re (or Ir, Rh, Pt, W) alloy layer can be coated 
on the surf ace of a substrate, or inserted between a sub- 
strate and a TBC layer to provide an excellent diffusion 
barrier layer. However, if Re in the Re alloy coating is 
contained at a low concentration, or a specific alloy, 
such as Re-Ni binary alloy, incapable of forming a stable 
alloy phase with Re under high temperature is used, a 
Re-Ni alloy phase will be separated into a Re-rich phase 
and a counter-element (e.g. Ni)-rich phase, resulting in 
deteriorated diffusion barrier function. 
[0012] The inventors have found that a stable alloy 
phase can be formed even at high temperature by using 
a specific alloy element in a Re alloy coating to be coat- 
ed on a substrate and setting Re in the alloy coating at 
a higher concentration, so as to bring out an excellent 
function as a diffusion barrier layer, 
[0013] The present invention provides an excellent 
diffusion barrier layer based on this knowledge. 
[0014] Specifically, the present invention provides a 
Re alloy coating for diffusion barrier, comprising an 
atomic composition of 30 % to less than 90 % Re, and 
an atomic composition of 5 % to less than 60 % X 
(wherein X is at least one selected from the group con- 
sisting of Cr, Mo and W), with the remainder except for 
inevitable impurities being at least one selected from the 
group consisting of Ni, Fe and Co. The Re alloy coating 
allows the substrate to have an excellent heat resist- 
ance and corrosion resistance. 
[0015] The alloy coating for diffusion barrier may in- 
clude a stress relief layer inserted between the substrate 
and the alloy coating. This structure can suppress a 
crack of the alloy coating caused by the difference in 



thermal expansion between the substrate and alloy 
coating and the substrate to maintain the alloy coating 
as a continuous layer, so as to more effectively utilize 
the heat resistance and corrosion resistance of the alloy 
5 coating. 

[0016] The alloy coating for diffusion barrier may fur- 
ther include a diffusion layer laminated on the Re alloy 
coating. The diffusion layer contains at least one select- 
ed from the group consisting of Al, Si and Cr. In this 

10 structure, the Re alloy coating can prevent the diffusion 
of an element causing the deterioration of corrosion re- 
sistance (e.g. Ti, Nb, Ta) from the substrate to the diffu- 
sion layer, and the diffusion of an element causing the 
deterioration of phase stability (e.g. Al, Si, Cr) from the 

is diffusion layer to the substrate. Thus, an excellent oxi- 
dation resistance and the strength of the substrate can 
be maintained for a long time-period. 
[001 7] The alloy coating for diffusion barrier may fur- 
ther include a heat barrier ceramics laminated on the Re 

20 alloy coating. The heat barrier ceramics allows the 
above materials to be used under high temperature. 

BRIEF DESCRIPTION OF DRAWINGS 

25 [0018] 

FIG 1 is a phase diagram of a Re-(Cr, Mo, W)-(Ni, 
Fe, Co) alloy under high temperature, which com- 
paratively shows an alloy composition of a diffusion 
30 barrier Re alloy coating of the present invention and 
a conventional example. 

FIG . 2 is a schematic diagram showing the sectional 
structure of a Ni-based alloy in Inventive Example 1 . 
FIGS. 3(a) to 3(d) are schematic diagrams showing 

35 the sectional structures of Ni-based alloys in Com- 
parative Examples 1 to 4, respectively. 
FIG. 4 is aschematic diagram showingthe sectional 
structure of the Ni-based alloy in Inventive Example 
1 after oxidized in the atmosphere at 1 1 00°C for one 

40 month. 

FIGS. 5(a) to 5(d) are schematic diagrams showing 
the sectional structures of Ni-based alloys in Com- 
parative Examples 1 to 4 after oxidized in the at- 
mosphere at 1100°C for one month, respectively. 

45 FIG. 6 is a graph showing the thickness of an oxi- 
dized scale of each of Inventive Example 1 and 
Comparative Examples 1 to 4 after oxidized in the 
atmosphere at 1100°C for one month. 

50 BEST MODE FOR CARRYING OUT THE INVENTION 

[001 9] The present invention will now be described in 
detail. 

[0020] The present invention relates to a Re alloy 
55 coating for diffusion barrier, which comprises an atomic 
composition of 30 % to less than 90 % Re, and an atomic 
composition of 5 % to less than 60 % X (wherein X is at 
least one element selected from the group consisting of 
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Cr, Mo and W), with the remainder except for inevitable 
impurities being at least one selected from the group 
consisting of Ni, Fe and Co. In order to sufficiently bring 
out the function of the alloy coating as a diffusion barrier 
layer, Re is required to be alloyed with at least one ele- 
ment selected from the group consisting of Cr, Mo and 
W, and at least one element selected from the group 
consisting of Ni, Co and Fe. Further, an atomic compo- 
sition of the alloy coating is required to have 30% to less 
than 90% of Re, 5 % to less than 60 % of X or the total 
of at least one element selected from the group consist- 
ing of Cr, Mo and W, and the remainder except for inev- 
itable impurities being at least one selected from the 
group consisting of Ni, Fe and Co. 
[0021] If Re is less than 30%, the rate of (the element 
other than Re)-rich phase will be increased to cause the 
deterioration in diffusion barrier function of the alloy 
coating. If Re is 90% or more, a Re single-phase will be 
created. Differently from a Re alloy phase, the Re single- 
phase is apt to allow cracks to be Introduced therein due 
to thermal shock. Further, due to poor adhesion be- 
tween the Re single-phase and the substrate, the alloy 
coating cannot stably exist as a diffusion layer on the 
surface of the substrate for a long time-period. There- 
fore, the concentration of Re is limited in the range of 
30 % to less than 90 % by atomic composition. Prefer- 
ably, the concentration of Re is in the range of 40 % to 
less than 70 % by atomic composition. At least one of 
Cr, Mo and W can be alloyed with Re to form a stable 
phase so-called o phase. This a phase allows the alloy 
coating to bring out an excellent diffusion barrier func- 
tion. If X (or the total of at least one of Cr. Mo and W) is 
less than 5%, a Re single-phase will be created, or no 
a phase will be formed. If X is 60% or more, an X-rich 
phase will be created in larger rate than that of the a 
phase to cause the deterioration in diffusion barrierfunc- 
tion of the alloy coating. Thus, X (or the total of at least 
one of Cr, Mo and W) is limited in the range of 5 % to 
less than 60 %. Preferably, the concentration of X is in 
the range of 20 % to less than 60 % by atomic compo- 
sition. 

[0022] At least one of Ni, Fe and Co can be alloyed 
with a Re-X (or Cr, Mo, W) alloy to effectively extend the 
stable region of the a phase. A stable o phase in the Re- 
X alloy can be obtained at a Re concentration of about 
50 to 70 atomic%. By contrast, if it is further alloyed with 
at least one of Ni, Fe and Co, the stable region of the c 
phase will be extended in the range of about 30 to 80 
atomic% Re. 

[0023] As a heat-resistant alloy forthe substrate, a Ni, 
Fe or Co-based alloy is used in many cases. The adhe- 
sion between the substrate and the Re alloy coating can 
be improved by containing these elements in the film. 
Thus, it is preferable that the element to be alloyed is Ni 
if the substrate is made of a Ni-based alloy, or Fe if the 
substrate is made of a Fe-based alloy, or Co if the sub- 
strate is made of a Co-based alloy. 
[0024] Based on the above description, an alloy com- 



position range effective to a diffusion barrier layer is 
shown in FIG 1 together with a phase diagram of the 
Re-(Cr, Mo, W)-(Ni, Fe, Co) alloy. For comparison, re- 
spective alloy composition ranges of conventional ex- 

5 amples are also shown in FIG 1. As shown in FIG. 1, 
the composition ranges of the alloy coatings disclosed 
in the Japanese Patent Laid-Open Publication Nos. 
2000-511236 and No. 11 -61 439 as the conventional ex- 
amples are a Cr-rich phase and a Ni-rich phase, respec- 

fo tively, Thus, these alloy coating cannot act as a diffusion 
barrier layer. 

[0025] The film disclosed in the Japanese Patent 
Laid-Open Publication No. 09-143667 contains none of 
Ni, Fe and Co. Thus, the film is apt to be cracked due 

is to thermal shock, and poor in adhesion with a substrate. 
As described in the specification of the Japanese Patent 
Laid-Open Publication No. 09-143667, this film is used 
by itself without being coated on a substrate. If this film 
is used after coated on a substrate, the film will be read- 

20 iiy cracked to cause the deterioration in heat resistance 
and corrosion resistance. 

[0026] By contrast, as seen in FIG 1 , the alloy coating 
of the present invention has a composition centered on 
the a phase region serving as an excellent diffusion bar- 

25 rier layer so as to bring out an excellent diffusion barrier 
function. In addition, the alloy coating contains at least- 
one ofNi, Fe and Ce, which is a primary component of 
the heat-resistant alloy used in the substrate. Thus, the 
alloy coating has excellent adhesion with the substrate, 

30 so that the alloy coating coated on the substrate can be 
used while adequately maintaining the coated state for 
a long time-period. 

[0027] While the Re alloy coating can be preferably 
formed through a magnetron sputtering process, a 

35 physical deposition process, a chemical deposition 
process or thermal spraying process may be used to 
form the same alloy coating. A process for forming the 
Re alloy coating with the desired composition is not lim- 
ited to these processes, but the desired Re alloy coating 

40 may be formed by diffusing alloy components of the sub- 
strate to the film through a heat treatment. For example, 
after a Re-Cr alloy coating is formed on a substrate 
through one of the above processes, it may be subjected 
to a heat treatment to diffuse Ni in the substrate thereto 

45 so as to form a Re-Cr-Ni alloy layer. In either case, the 
alloy coating is preferably subjected to a heat treatment 
at a high temperature in vacuum under a non-oxidation 
atmosphere, such as an inert atmosphere, to homoge- 
nize the composition and structure of the Re layer or Re 

so alloy layer coated on the substrate. In this manner, when 
the alloy coating for diffusion barrier of the present in- 
vention includes a diffusion layer containing at least one 
selected from the group consisting of Al, Si and Cr, the 
components of the substrate can be diffused while sub- 

55 stantially preventing the elements of Al, Si and Cr from 
being diffused. 

[0028] When the alloy coating for diffusion barrier of 
the present invention includes a stress relief layer in- 
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serted between the substrate and the alloy layer, the 
stress relief layer is preferably a Re-(Cr, Mo, W)-(NI, Fe, 
Co) alloy layer, for example, wherein the Re concentra- 
tion is reduced by about 5 to 20 atomic%, and the con- 
centration of either one of Ni, Fe and Co is increased by s 
about 5 to 20 atomic%, as compared to those of the dif- 
fusion barrier layer. This structure can suppress cracks 
in the alloy coating due to the difference in thermal ex- 
pansion coefficient between the substrate and the alloy 
coating so as to maintain the alloy coating as a contin- 10 
uous layer to more effectively bring out the heat resist- 
ance and corrosion resistance of the alloy coating. 
[0029] As a process for laminating the diffusion layer 
containing at least one selected from the group consist- 
ing of Al, Si and Cr, a conventional process, such as a is 
pack process or a CVD process, may be appropriately 
used. For example, a receptor layer for Al, Si or Cr to 
be diffused may be formed by plating a metal layer con- 
taining at least one selected from the group consisting 
of Ni, Fe and Co, on a Re-Cr alloy coating, and subject- 20 
ing the alloy coating with the metal layer to a diffusion 
treatment at a high temperature to form an alloy layer 
containing these elements. 

[0030] When the alloy coating for diffusion barrier of 
the present invention further includes a heat barrier ce- 25 
ramies laminated on the diffusion-barrier alloy coating, 
the ceramics preferably includes at least one selected 
from the group consisting of Zr0 2 , CaO, MgO, Si0 2 and 
Al 2 0 3 . The heat barrier ceramics can provide a lower 
temperature of the internal alloy layer to suppress the 30 
growth of oxide on the surface of the alloy coating and 
the diffusion between the alloy coating and the substrate 
so as to maintain the structural stability of the alloy coat- 
ing and the substrate for an extended time-period. 

35 

[EXAMPLE] 
[Inventive Example 1] 

[0031] After an 80 atomic% Re-20 atomic% Ni alloy 40 
coating was coated on a Ni-based alloy of Inconel 718 
(Ni-19% Cr-19% Fe-5% Nb-3% Mo-0.9% 71-0.4% Al 
(weight %)) for use in a rotor blade or stationary blade 
of a gas turbine, the Ni-based alloy was Ni-plated, and 
then subjected to an Al diffusion coating. Specifically, 45 
the alloy coating was formed by coating an 80 atomic% 
Re-20 atomic% Ni alloy on the surface of the substrate 
through a magnetron sputtering process using the Re-Ni 
alloy as a target, and then subjecting the substrate with 
the alloy layer to a homogenizing heat treatment in vac- so 
uum at 11 00°C for 5 hours. 

[0032] A Watts bath was used for the Ni plating. Spe- 
cifically, the plating conditions were set as follows: a 
bath composition [ the weight ratio of NiS0 4 » 7H 2 0 : 
NiCI 2 : H3BO3 = 20 : 3 : 2], pH = 5, a bath temperature 55 
of 50°C, and a current density of 50 mA/cm 2 . The Ai 
diffusion coating was performed underthe condition that 
the substrate with coated Re alloy and plated-Ni was 



heated at 1 000°C in vacuum for 5 hours while being im- 
mersed in a mixed powder of a Ni-50 atomic% Al alloy 
powder and an Al 2 0 3 powder, 
[0033] FIG 2 shows the sectional structure of the Ni- 
based alloy after the treatment. Further, Table 1 shows 
the analysis result of the composition of each point in 
FIG. 2 using an electron probe microanalyzer (EPMA). 
The data (1) to (5) in Table 1 correspond to the points 
(1 ) to (5) in FIG 2, respectively. 

Table 1 



(atomic%) 




(1) 


(2) 


(3) 


(4) 


(5) 


Re 


0.0 


0.1 


47.4 


0.0 


0.0 


Ni 


53.6 


53.1 


15.2 


50.2 


50.3 


Cr 


21.2 


20.5 


24.6 


0.0 


0.0 


Fe 


18.5 


18.9 


8.2 


0.0 


0.0 


Mo 


1.5 


1.2 


4.3 


0.0 


0.0 


Nb 


2.9 


3.2 


0.1 


0.0 


0.0 


Al 


1.2 


1.5 


0.1 


49.8 


49.7 


Ti 


1.1 


1.5 


0.1 


0.0 


0.0 



[0034] As seen in Table 1 , after the post-treatment, 
the 80 atomic% Re-20 atomic% Ni alloy coating is 
formed as an alloy coating having an atomic composi- 
tion of 47.4% Re, 24.6% Cr, 15.2% Ni, 8.2% Fe and 
4.3% Mo, or [47% Re, 28.9% (Cr, Mo) and 23.4% (Ni, 
Fe)]. That is, the alloy coating has a composition of the 
a phase (see FIG. 1). 

[Comparative Examples 1 to 4] 

[0035] FIGS. 3(a), 3(b), 3(c) and 3(d) show the sec- 
tional structures of a pure Ni-based alloy (Inconel 718) 
as Comparative Example 1, a Ni-based alloy (Inconel 
718) subjected only to an Al diffusion coating as Com- 
parative Example 2, a Ni-based alloy (Inconel 718) sub- 
jected to a Ni-plating and an Al diffusion coating after 
coating a 20 atomic% Re-60 atomic% Ni-20 atomic% Cr 
alloy coating thereon, as Comparative Example 3, and 
a Ni-based alloy (Inconel 718) subjected to a Ni-plating 
and an Al diffusion coating after coating a 20 atomic% 
Re-80 atomic% Cr alloy coating thereon, as Compara- 
tive Example 4, respectively. 

[0036] The Re alloy coating was formed by coating a 
20 atomic% Re-60 atomic% Ni-20 atomic% Cr alloy in 
Comparative Example 3, or a 20 atomic% Re-80 atom- 
ic% Cr alloy in Comparative Example 4, on the substrate 
through a magnetron sputtering process, and subjecting 
the substrate with the alloy to a heat treatment at 1 1 00°C 
in vacuum for 5 hours. The respective conditions of the 
Ni plating and the Al diffusion coating process were the 
same as those in Inventive example 1 . 



5 



EP 1 449 937 A1 



10 



[0037] Table 2 shows the analysis result of the com- 
position of each point of the section of the Ni-based alloy 
in Comparative Example 1 . The data (1) to (3) in Table 
2 correspond to the points (1) to (3) in FIG 3(a), respec- 
tively. 

Table 2 



Table 4 (continued) 



(atomic%) 




d) 


(2) 


(3) 


Re 


0.0 


0.0 


0.0 


Ni 


53.0 


52.8 


53.2 


Cr 


20.0 


19.8 


19.7 


Fe 


20.2 


19.7 


19.9 


Mo 


1.9 


2.0 


2.2 


Nb 


3.0 


2.7 


3.1 


Al 


0.9 


1.1 


1.0 


Ti 


0.9 


0.7 


0.9 



[0038] Table 3 shows the analysis result of the com- 
position of each point of the section of the Ni-based alloy 
in Comparative Example 2. The data (1) to (5) in Table 
3 correspond to the points (1 ) to (5) in FIG. 3(b), respec- 
tively. 

Table 3 



(atomic%) 




(1) 


(2) 


(3) 


(4) 


(5) 


Re 


0.0 


0.0 


0.0 


0.0 


0.0 


Ni 


53.3 


52.1 


48.8 


39.8 


40.7 


Cr 


21.0 


18.0 


16.5 


4.6 


4.2 


Fe 


18.7 


15.3 


13.1 


6.2 


4.9 


Mo 


1.9 


2.0 


2.2 


0.1 


0.0 


Nb 


2.7 


2.9 


2.8 


0.2 


0.2 


Al 


1.2 


7.9 


14.7 


48.8 


48.8 


Tl 


1.0 


1.8 


1.9 


0.3 


0.2 



[0039] Table 4 shows the analysis result of the com- 
position of each point of the section of the Ni-based alloy 
in Comparative Example 3. The data (1) to (5) in Table 
4 correspond to the points (1 ) to (5) in FIG. 3(c), respec- 
tively. 

Table 4 



(atomic%) 




(1) 


(2) 


(3) 


(4) 


(5) 


Re 


0.0 


0.9 


10.3 


0.7 


0.0 


Ni 


53.5 


54.8 


41.8 


40.3 


40.7 



10 



20 



25 



30 



35 



40 



45 



50 



55 



(atomic%) 




(1) 


(2) 


(3) 


(4) 


(5) 


Cr 


20.8 


18.0 


16.9 


7.1 


4.2 


Fe 


19.1 


16.1 


15.1 


8.1 


4.9 


Mo 


1.6 


1.8 


2.2 


0.5 


0.0 


Nb 


3.0 


2.9 


2.8 


1.0 


0.6 


Al 


1.0 


4.5 


10.1 


42,0 


49.5 


Ti 


1.0 


1.0 


0.8 


0.3 


0.1 



15 [0040] Table 5 shows the analysis result of the com- 
position of each point of the section of the Ni-based alloy 
in Comparative Example 4. The data (1) to (5) in Table 
5 correspond to the points (1 ) to (5) in FIG. 3(d), respec- 
tively. 



Table 5 



(atomic%) 




d) 


(2) 


(3) 


(4) 


(5) 


Re 


0.0 


1.2 


10.8 


1,2 


0.0 


Ni 


53.2 


51.3 


9.7 


33.4 


38.6 


Cr 


19.8 


25.4 


65.5 


21.6 


9.8 


Fe 


20.4 


15.0 


5.3 


4.2 


2.6 


Mo 


1.6 


1.8 


1.9 


0,4 


0.0 


Nb 


3.0 


2.3 


1.1 


1.0 


0.5 


A! 


0.9 


2.0 


4.9 


37.8 


48.3 


Ti 


1.1 


1.0 


0.8 


0.4 


0.2 



[0041] In each of Comparative Examples 2 to 4, the 
Al concentration in the vicinity of the surface of the coat- 
ing layer composed of the Re alioy coating and the Ni- 
Al alloy diffusion layer is about 50 atomic%, which is ap- 
proximately the same as that in Inventive Example 1 . 
However, differently from Inventive Example 1 , in all of 
Comparative examples 2 to 4, Al and Ti/Nb are clearly 
diffused to the substrate and the coating layer, respec- 
tively. 

[0042] Further, in Comparative Example 3, after the 
post-treatment, the 20 atomic% Re-60 atomic% Ni-20 
atomic% Cr alloy coating is formed as an alloy coating 
having an atomic composition of 10.3% Re, 41.8% Ni, 
16.9% Cr, 15.1% Fe, 2.2% Mo, 2.8% Nb, 10.1% Al and 
0.8% Ti, or [10.3% Re, 19.1% (Cr, Mo), 56,9% (Ni, Fe), 
10.1% Al and 3.6% (Nb, Ti)]. That is, the alloy coating 
has a composition corresponding to the Ni, Fe-rich 
phase in FIG 1 , which is close to the composition of the 
alloy disclosed in the Japanese Patent Laid-Open Pub- 
lication No. 11-61439 as one of the conventional exam- 
ples. 
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[0043] In Comparative Example 4, after the post- 
treatment, the 20 atomic% Re-80 atomlc% Cr alloy coat- 
ing is formed as an alloy coating having an atomic com- 
position of 1 0.8% Re, 9.7% Ni, 65.5% Cr, 5.3% Fe, 1 .9% 
Mo, 1.18% Nb, 4.9% Al and 0.8% Ti, or [10.8% Re, 
67.4% (Cr, Mo), 15.0% (Ni, Fe), 4.9% Al and 1 .9% (Nb, 
Ti)]. That is, the alloy coating has a composition corre- 
sponding to the Mo-rich phase in FIG 1 , which is close 
to the composition of the alloy disclosed in the Japanese 
Patent Laid-Open Publication No. 2000-511236 as one 
of the conventional examples. 
[0044] FIG. 4 and FIGS. 5(a) to 5(d) show the section- 
al structures of Inventive Example 1 and Comparative 
Examples 1 to 4 after oxidized in the atmosphere at 
1100°C for one month. FIG. 2 corresponds to FIG. 4, 
and FIGS. 3(a) to 3(d) correspond to FIGS. 5(a) to 5(d), 
respectively. 

[0045] Table 6 shows the analysis-result of the com- 
position of each point of the section of an oxidized test 
piece of the Ni-based alloy in Inventive Example 1 . The 
data (1) to (6) in Table 6 correspond to the points (1) to 
(6) in FIG. 4, respectively. 

Table 6 



Table 7 (continued) 



(atomic%) 




0) 


(2) 


(3) 


(4) 


(5) 


(6) 


Re 


0.0 


0.1 


48.0 


0.1 


0.0 


0.0 


Ni 


53.6 


53.1 


13.9 


49.8 


51.5 


0.0 


Cr 


21.2 


20.9 


25.6 


0.2 


0.0 


0.0 


Fe 


18.5 


18.4 


8.2 


0.0 


0.0 


0.0 


Mo 


1.5 


1.3 


4.0 


0.1 


0.0 


0.0 


Nh 


2.9 


3.2 


0.1 


0.0 


0.0 


0.0 


Al 


1.2 


1.5 


0.1 


49.8 


48.5 


39.8 


Ti 


1.1 


1.5 


0.1 


0.0 


0.0 


0.0 


O 


0.0 


0.0 


0.0 


0.0 


0.0 


60.2 



[0046] Table 7 shows the analysis result of the com- 
position of each point of the section of an oxidized test 
piece of the Ni-based alloy in Comparative Example 1 . 
The data (1) to (6) in Table 7 correspond to the points 
(1) to (6) in FIG. 5(a), respectively. 

Table 7 



(atomic%) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Re 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


Ni 


52.7 


55.7 


57.7 


2.9 


16.4 


33.1 


Cr 


20.9 


15.6 


13.9 


34.8 


26.1 


6.6 


Fe 


19.1 


20.8 


20.1 


2.2 


7.0 


10.3 


Mo 


2.0 


3.5 


3.3 


0.2 


0.1 


0.0 



10 



20 



25 



30 



35 



45 



50 



55 



(atomic%) 




(D 


(2) 


(3) 


(4) 


(5) 


(6) 


Nb 


3.0 


2.9 


3.6 


0.0 


0.3 


0.5 


Al 


1.2 


0.8 


0.5 


0.2 


0.6 


0.7 


Ti 


1.1 


0.7 


0.9 


0.1 


0.0 


0.0 


O 


0.0 


0.0 


0.0 


59.6 


49.5 


48.8 



[0047] Table 8 shows the analysis result of the compo- 
sition of each point of the section of an oxidized test piece 
of the Ni-based alloy in Comparative Example 2. The data 
15 (1) to (6) in Table 8 correspond to the points (1) to (6) in 
FIG. 5(b), respectively. 

Table 8 



(atomic%) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Re 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


Ni 


53.0 


49.9 


46.6 


57.7 


61.8 


19.8 


Cr 


21.0 


17.6 


12.8 


5.3 


4.9 


0.9 


Fe 


19.1 


15.6 


15.2 


10.2 


11.9 


5.1 


Mo 


15 


2.0 


2.1 


0.5 


0.3 


0.0 


Nb 


32 


2.9 


2.8 


0.1 


0.3 


0.3 


Al 


03 


10.2 


18.2 


25.4 


20.1 


22.7 


Ti 


0:9 


1.8 


2.3 


0.8 


0.7 


0.1 


0 


0.0 


0.0 


0.0 


0.0 


0.0 


51.1 



[0048] Table 9 shows the analysis result of the compo- 
sition of each point of the section of an oxidized test piece 
of the Ni-based alloy in Comparative Example 3. The data 
40 (1) to (6) in Table 9 correspond to the points (1) to (6) in 
FIG. 5(c), respectively. 

Table 9 



(atomic%) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Re 


0.0 


1.2 


10.1 


0.7 


0.0 


0.0 


Ni 


53.4 


51.0 


39.3 


58.7 


66.1 


7.3 


Cr 


20.8 


18.6 


16.9 


5.4 


2.4 


0,4 


Fe 


19.1 


15.2 


13.7 


10.2 


7.1 


4.3 


Mo 


1.6 


2.1 


1.9 


0.3 


0.0 


0.0 


Nb 


3.0 


2.6 


2.2 


0.8 


0.7 


0.2 


Al 


1.0 


8.5 


14.5 


23.5 


23.3 


28.5 


Ti 


1.1 


0.8 


0.8 


0.4 


0.4 


0.2 
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Table 9 



(atomic%) 




(D 


(2) 


(3) 


(4) 


(5) 


(6) 


0 


0.0 


0.0 


0.0 


0.0 


0.0 


59.1 



[0049J Table 10 shows the analysis result of the com- 
position of each point of the section of an oxidized test 
piece of the Ni-based alloy in Comparative Example 4. 
The data (1) to (6) in Table 10 correspond to the points 
(1) to (6) in FIG. 5(d), respectively. Further, FIG. 6 shows 
the thickness of each oxidized scale created these sur- 
faces. 



Table 1 0 



(atomic%) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Re 


0.0 


1.2 


11.0 


1.2 


0.0 


0.0 


Ni 


53.1 


48.0 


9.7 


45.4 


47.3 


4.1 


Cr 


19.8 


26.0 


58.8 


24.3 


23.4 


3.1 


Fe 


20.4 


12.6 


4.3 


4.4 


3.9 


3.9 


Mo 


1.6 


1.9 


1.8 


0.4 


0.2 


0.0 


Nb 


3.0 


2.2 


1.1 


0.9 


0.8 


0.2 


Al 


0.9 


7.1 


12.5 


22.9 


24.1 


29.0 


71 


1.2 


1,0 


0.8 


0.5 


0.3 


0.2 


O 


0.0 


0.0 


0.0 


0.0 


0.0 


59.5 



[0050] In Inventive Example 1 , a dense oxidized scale 
with a thin thickness of about 2 ujti containing Al 2 0 3 al- 
most without other elements was formed on the surface 
of the coating layer, and no peeling of the film was ob- 
served. In addition, neither the diffusion of the elements 
(e.g. Ti and Nb) of the substrate to the Ni-AI alloy diffu- 
sion layer nor the diffusion of Al of the Ni-AI alloy diffu- 
sion layer to the substrate were practically observed. 
The concentration Al in the Ni-AI alloy diffusion layer 
was maintained at about 50% approximately equal to 
that before oxidation, and no significant change was ob- 
served in the composition of the substrate. The Re alloy 
diffusion barrier layer also exhibited substantially the 
same composition as that before oxidation. 
[0051] In contrast, the following results were obtained 
in Comparative Examples 1 to 3. In the pure Ni-based 
alloy ((a), Comparative Example 1), an oxidized scale 
composed of two layers consisting of an outer layer con- 
taining Ni, Fe and Cr as a primary component and an 
inner layer containing Cr as a primary component was 
formed on the surface thereof, and an oxide was formed 
within the substrate. The oxidized scale has a thick 
thickness of 1 00 ujn or more, and the peeling of the film 
was observed at many portions. 
[0052] In the Ni-based alloy (b) subjected only the Al 



diffusion coating in Comparative Examples 2, while an 
oxidized scale has a thickness of about 15 u,m and con- 
tained Ni, Al and Fe as a primary component, the film 
had peeled portions as with Comparative Example 1 . 

5 Further, while the Al concentration of the Ni-AI diffusion 
layer was about 50% before oxidation, it was reduced 
at about 20% after oxidation. Therefore, it can be proved 
that the reduction of the Al concentration was caused 
by the accelerated consumption of Al due to a high ox- 

10 Idizing speed, and the diffusion of Al to the substrate. 
[0053] In the Ni-based alloy (c) subjected to the Al dif- 
fusion coating after coating the 10.3% Re-19.1%(Cr, 
Mo)- 56.9%(Ni, Fe)-1 0. 1 % AI-3.6%(Nb, Ti) alloy coating 
in Comparative Example 3, while the peeling level of the 

is film was low as compared to Comparative Examples 1 
and 2, an oxidized scale having a thickness of about 11 
ujti and containing Ti and Nb in addition to Al, Ni and Fe 
as a primary component was created. 
[0054] Given that the oxidized scale parabolically 

20 grows, if there is a 5 times difference in thickness be- 
tween the oxidized scales of two different film, in the 
same time-period, these films will have a 25 times dif- 
ference in life span therebetween. Thus, it can be said 
that the difference in thickness between the oxidized 

25 scales of the Inventive Example 1 and the Comparative 
Example 3 is significant. 

[0055] Further, while the Al concentration of the Ni-AI 
diffusion layer was close to 50% before oxidation, it was 
reduced at about 23% after oxidation. The Al concen- 

30 tration in the vicinity of the surface of the substrate was 
also increased up to about 9%. Therefore, it can be 
proved that even if the 1 0.3% Re-1 9.1% (Cr, Mo)-56.9% 
(Ni, Fe)-10.1% AI-3.6% (Nb, Ti) alloy coating having a 
low Re concentration is coated, Ti and Nb will be dif- 

35 fused from the substrate from the coating layer, and Ai 
will be diffused from the Ni-AI diffusion layer to the sub- 
strate, during oxidation at 1100°C. 
[0056] The Ni-based alloy (d) subjected to the Al dif- 
fusion coating after coating the 10.8% Ro 67.4% (Cr, 

40 Mo) 1 5.0% (Ni, Fe) 4.9% Al 1 .9% (Nb, TI) alloy coating 
in Comparative Example 4, exhibited a similar behavior 
to Comparative Example 3 to create an oxidized scale 
having a thickness of about 9 ujti and containing Ti and 
Nb in addition to Al, Ni, Fe and Cr as a primary compo- 

45 nent. 

[0057] While the Al concentration of the Ni-AI diffusion 
layer was close to 50% before oxidation, it was reduced 
at about 24% after oxidation. Therefore, it can be proved 
that even if the 10.8% Re-67.4%(Cr, Mo)-15.0%(Ni, Fe)- 

50 4.9% AI-1 .9%(Nb, Ti) alloy coating having a low Re con- 
centration is coated, Ti and Nb will be diffused from the 
substrate from the coating layer, and Al will be diffused 
from the Ni-AI diffusion layer to the substrate, during ox- 
idation at1100°C. 

55 [0058] As seen in the above results, it is verified that 
Inventive Example 1 (47% atomic% Re-28.9 atomic% 
(Cr, Mo)-23.4 atomic% (Ni, Fe) alloy coating) as one ex- 
ample of the present invention brings out sufficient func- 
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tion as a diffusion barrier layer against oxidation at 
1100°C for one month to provide excellent oxidation re- 
sistance. By contrast, in not only the pure Ni-based alloy, 
but also the Ni-based alloy subjected only to the Al dif- 
fusion coating, and the Ni-based alloy coated with the 
low-concentration Re alloy coating and the Al diffusion 
layer, a thick oxidized scale is formed even if the Al con- 
centration of the surface of the coating layer is approx- 
imately the same as Inventive Example 1 , before oxida- 
tion. This is caused by the lowered Al concentration in 
connection with the diffusion of Al in the Al alloy layer to 
the substrate, and the deteriorated purity of Al 2 0 3 in 
connection with the diffusion of Ti and/or Nb from the 
substrate to the oxidized scale, due to the activated dif- 
fusion between the respective elements of the substrate 
and the coating layer during the oxidation at 1 1 00° C for 
one month. 

INDUSTRIAL APPLICABILITY 

[0059] The Re alloy coating having an atomic compo- 
sition of 30 % to less than 90 % Re, and an atomic com- 
position of 5 % to less than 60 % X (wherein X is at least 
one selected from the group consisting of Cr, Mo and 
W) with the remainder except for inevitable impurities 
being at least one selected from the group consisting of 
Ni, Fe and Co can be coated on the surface of a high- 
temperature equipment member, or inserted between 
the substrate and the TBC layer, to provide excellent 
heat/corrosion resistances, and an extended life span 
as compared to conventional techniques. 



in claim 1 or 2, wherein a diffusion layer containing 
at least one selected from the group consisting of 
Al, Si and Cr is laminated on said Re alloy coating, 
and wherein said Re alloy coating contains sub- 
5 stantially none of said elements of said diffusion lay- 
er after a homogenizing heat treatment. 

4. The Re alloy coating for diffusion barrier as defined 
in claim 1 , wherein said substrate is made of a Ni- 

10 based alloy. 

5. The Re alloy coating for diffusion barrier as defined 
in claim 1, wherein said Re alloy coating is formed 
as a continuous layer. 

15 

6. The Re alloy coating for diffusion barrier as defined 
in claim 5, which includes a stress relief layer which 
is made of an alloy containing Re and inserted be- 
tween said Re alloy coating and said substrate. 

7. The Re alloy coating for diffusion barrier as defined 
in claim 5 or 6, which includes a diffusion layer lam- 
inated on said Re alloy coating, said diffusion layer 
containing at least one selected from the group con- 
sisting of Al, Si and Cr. 

8. The Re alloy coating for diffusion barrier as defined 
in claim 7, which includes a heat barrier ceramics 
laminated on said Re alloy coating. 



20 



25 



30 



Claims 

35 

1. A Re alloy coating for diffusion barrier, in atomic 
composition, comprising: 

30 % to less than 90 % of Re; 
5 % to less than 60 % in total of at least one 40 
selected from the group consisting of Cr, Mo 
and W; and 

the remainder being at least one selected from 
the group consisting of Ni, Fe and Co except 
for the inevitable impurities. 45 

2. A Re alloy coating for diffusion barrier formed on a 
substrate, comprising, in atomic composition: 

40 % to less than 70 % of Re; so 
20 % to less than 50 % in total of at least one 
selected from the group consisting of Cr, Mo 
and W; and 

the remainder being at least one selected from 
the group consisting of Ni, Fe and Co except 55 
for inevitable impurities. 

3. The Re alloy coating for diffusion barrier as defined 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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